The main purpose of this research is to investigate the minimum cement content required with an appropriate water-to-cement ratio (w/c) to meet given workability, strength, and durability requirements in a concrete pavement; and to reduce carbon dioxide emissions, energy consumption, and costs.
An experimental program was conducted to test 16 concrete mixtures with w/c ranging between 0.35, 0.40, 0.45 and 0.50; and cement content ranging from 400, 500, 600 and 700 lb/yd 3 (pcy). The fine aggregate-to-total aggregate ratio was fixed as 0.42 and the void content of combined aggregates was maintained the same for all the mixtures. Slump; setting time; 1, 3 and 28-day compressive strength; 28-day chloride penetration; and 1, 3, and 28-day air permeability were determined.
The test results showed that strength is a function of w/c and independent of cement content after the required cement content is reached, for a given w/c. Workability is a function of w/c and cement content: increasing w/c or cement content improves workability. Setting time is reduced when cement content is increased for a given w/c. Chloride penetration increases as w/c or cement content increases, when one parameter is fixed. Air permeability increases as cement content increases, for a given w/c. Based on these findings, it is possible to reduce the paste content without sacrificing the desired workability, strength and durability, for a given w/c. When the overall effect of cement content on concrete properties is evaluated, 400 pcy of cement content is not recommended due to its high porosity caused by its low paste content. Furthermore, 700 pcy would also not be appropriate as increasing cement content does not improve the strength, after the required content is reached; and may decrease durability as high cement content both increases air permeability and chloride penetration. Moreover, for a w/c higher than 0.35, cement content of more than 500 pcy adversely affects the concrete performance by decreasing strength (increasing cement content from 500 pcy to 700 pcy approximately reduced the 28-day compressive strength by 15%) and may cause shrinkage related cracking problems.
Therefore, for a given w/c and for the aggregate system used in this study, the range of 500 pcy to 600 pcy is found to be the most appropriate cement content range that provides the desired workability, strength, chloride penetration and air permeability. Mixtures with 500 pcy of cement content did not have a high workability (ranging from 0 in. to 3 in. depending on the w/c), but it may be improved by the addition of supplementary cementitious materials, water-reducing agents or using a different aggregate gradation system. The given cement content range was compared with the values obtained in accordance with the ACI 211 Report (2002): considering the high cement content range of 650 pcy to 930 pcy provided by the ACI 211 Report (2002) for the same given conditions, the recommended cement content range of 500 pcy to 600 pcy will have more significant impact and benefits on the concrete construction industry regarding the reduction of cement content.
In addition, to make the findings independent of the selected aggregate system, the relationship between paste volume and concrete properties is established. In order to meet the desired workability, strength and durability requirements; the paste volume should be within the range of 160% to 170% of the volume of voids. Exceeding this range will adversely affect the concrete performance by decreasing strength, and increasing chloride penetration and air permeability. Cement concrete pavements are being constructed in many new road projects in India as they are considered to be economical especially for the highly trafficked segments of national highways. In the present work, a three-dimensional finite element model has been developed for the analysis of jointed concrete pavement. The FE modeling considers several aspects of analysis and design like slab-foundation interaction, interface behavior between concrete slab and foundation, load transfer at joints by dowel bar and aggregate interlocking mechanisms, effect of temperature variation, nonlinear deformational response of concrete etc. Push-off tests have been conducted in the laboratory on model concrete pavements with different interface conditions (smooth and rough) and on different types of foundations (base and subbase) to obtain the values of coefficient of friction, which is a parameter for modeling interface condition. The FE model has been validated with the experimental results available in the literature and also from the results of structural evaluation of in-service concrete pavements carried out in the present work using Falling Weight Deflectometer.
NUMERICAL AND EXPERIMENTAL INVESTIGATIONS OF JOINTED CONCRETE PAVEMENT

Doctor of Philosophy Thesis March 2011
Using the validated FE model, some of the current design issues have been examined. The effect of different pavement and joint related parameters on the load transfer characteristics of a doweled joint has been evaluated. The group action of the dowel bar system was also examined and useful relationships have been developed for estimation of the relative load shared by the individual dowel bars. The effect of different interface conditions on critical stresses under individual or combined action of wheel load and temperature differential has been studied. A generalized expression has been proposed for estimating the critical (edge) stress in the slab subjected to the combined action of axle loading and positive temperature gradient. A fatigue performance model has been developed based on fracture mechanics principles for predicting crack propagation within the concrete slab under cyclic loading.
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We are happy to announce that the 4th International Conference on Accelerated Pavement Testing (APT 2012) will take place in Davis, California, USA, from September 19-21, 2012. The conference provides a forum for participants to address the various aspects and benefits of accelerated pavement testing (APT) from an international perspective. The theme for the conference is Implementation of APT Results. Abstracts are solicited in all areas which touch upon the subject of Accelerated Pavement Testing. Call for papers: Abstracts (no more than 500 words) will be accepted March 1, 2011 through June 1, 2011. For further details, go to www.ucprc.ucdavis.edu/apt2012/. If you have questions about the conference, please contact David Jones, University of California Pavement Research Center, University of California, Davis: (530) 754-4421 djjones@ucdavis.edu. We look forward to seeing you in 2012! Conference Co-Chairs -Imad L. Al-Qadi, University of Illinois Center for Transportation John Harvey, University of California Pavement Research Center Angel Mateos, CEDEX, Spain If you, as an ISCP member, would like to BE A REVIEWER (for abstracts and papers for various conferences; and for technical publications), please contact Bryan Perrie at: bryan@cnci.org.za or fill out the review panel form online: https://spreadsheets.google.com/viewform?formkey=dFQ0am55MGVlYmstRklkV0k0b2o4ZGc6MQ Any questions can be directed to editorial@concretepavements.org
